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Distribution of tsunami interevent times
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[1] The distribution of tsunami interevent times is
analyzed using global and site-specific (Hilo, Hawaii)
tsunami catalogs. An empirical probability density
distribution is determined by binning the observed
interevent times during a period in which the observation
rate is approximately constant. The empirical distributions
for both catalogs exhibit non-Poissonian behavior in which
there is an abundance of short interevent times compared to
an exponential distribution. Two types of statistical
distributions are used to model this clustering behavior:
(1) long-term clustering described by a universal scaling
law, and (2) Omori law decay of aftershocks and triggered
sources. The empirical and theoretical distributions all
imply an increased hazard rate after a tsunami, followed by
a gradual decrease with time approaching a constant hazard
rate. Examination of tsunami sources suggests that many of
the short interevent times are caused by triggered
earthquakes, though the triggered events are not necessarily
on the same fault. Citation: Geist, E. L., and T. Parsons (2008),
Distribution of tsunami interevent times, Geophys. Res. Lett., 35,
L02612, doi:10.1029/2007GL032690.

1. Introduction

[2] Like other natural hazards, the probability of tsunami
occurrence at a particular coastal location depends on both
the size distribution of events and the distribution of
interevent or recurrence times. Given sufficient historic
data, tsunami probability can be determined empirically in
which the size distribution tends to follow a truncated or
tapered power law distribution [Burroughs and Tebbens,
2005]. The interevent distribution for tsunami observations
is often assumed to be that of a stationary Poisson process in
which interevent times are independent with respect to one
another. However, up until now, this assumption has not
been tested with tsunami catalog data.

[3] Most coastal locations have an insufficient record of
tsunamis, necessitating the use of computational methods as
an alternative to empirical tsunami probability determina-
tion. For this method, wave heights are computed from
numerical tsunami propagation models for all relevant
sources and are aggregated together along with their event
probabilities [Geist and Parsons, 2006]. Similar to the
empirical approach, both the size and interevent distribu-
tions of sources need to be defined for the computational
approach. The size distribution for the most common
tsunami generators, earthquakes, follows a power law
relation (the modified Gutenberg-Richter law) [e.g., Kagan,
2002]. A Poisson process is considered a null hypothesis for
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earthquake interevent times, with quasiperiodic and cluster-
ing models proposed as alternative hypotheses. The dual
objectives of this paper, therefore, are to test whether the
Poisson assumption for interevent times is valid for tsunami
sources (computational approach) and for tsunamis them-
selves (empirical approach).

[4] Accordingly, we examine two types of datasets for
these objectives. The first is a global catalog of tsunami
source times. Because it is necessary to have an accurate
origin time for this analysis, the catalog consists predomi-
nantly of tsunamigenic earthquakes. The second is a catalog
of tsunami arrival times at Hilo, Hawaii, chosen because of
its long catalog duration. This catalog is used to test the
Poisson assumption for empirical probability analyses de-
scribed above. The majority of the Hilo catalog consists of
tsunamis from far-field earthquakes, although local seismo-
genic tsunamis are also included. Obstacles to this analysis,
in comparison to seismicity analysis, is the smaller range of
magnitudes of recorded tsunamis and catalog completeness
[Burroughs and Tebbens, 2005; Geist and Parsons, 2006].
Although the Hilo catalog has a smaller sample size
compared to the global catalog, it is important to determine
the interevent time distribution of tsunamis themselves in
comparison to that of global tsunamigenic sources.

2. Empirical Interevent Distribution

[s] Data used to analyze tsunami interevent times are
taken from the National Geophysical Data Center (NGDC)
tsunami catalog (http://www.ngdc.noaa.gov/seg/hazard/
tsu_db.shtml), edited to remove duplicate events and events
with inaccurate arrival or origin times. For the Hilo catalog
of tsunami arrival times, only tide gage measurements are
used for this analysis, since eyewitness observations of
arrival time are prone to error. Prior to the devastating
Aleutian tsunami of April 1, 1946, the catalog of tsunamis
at a detection level of 0.1 m is incomplete, as indicated by
plotting the cumulative number of observations since 1900
(Figure 1a) [cf. Pérez, 1999]. This can be considered
“instrumental censoring” of the observations.

[6] For the global catalog, tsunami source times are given
primarily by the hypocentral times of earthquakes. In cases
where tsunamigenic aftershocks follow close in space and
time (i.e., hours) to the mainshock, only one event may be
listed in the NGDC tsunami catalog whereas multiple
tsunamis may have been generated as in the case of the
2000 New Ireland earthquake sequence [Geist and Parsons,
2005]. Prior to the mid-20th century, there was a restricted
distribution of global tide-gage stations that would indicate
whether or not an earthquake was tsunamigenic at the 0.1 m
threshold (i.e., “geographic censoring’). Completeness of
the global catalog is estimated to begin by approximately
1952, when station distribution improved and the observa-
tion rate is approximately constant (Figure 1b). Therefore,
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